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(54)  Tire  pneumatic  pressure  detector 

(57)  Pickup  coils  (3a-3d)  which  generate  vehicle 
wheel  speed  signals  (V)  which  include  vibration  fre- 
quency  components  of  tires  (1  a-1  d)  during  vehicle  cruis- 
ing  are  provided.  An  electronic  control  unit  (4)  extracts 
resonance  frequencies  (f0B,  fk)  of  tires  (1a-1d)  from  the 
vehicle  wheel  speed  signals  (V)  and  estimates  tire  pneu- 
matic  pressure  based  on  the  extracted  resonance  fre- 
quencies.  When  an  estimated  vehicle  wheel  pneumatic 
pressure  falls  below  a  predetermined  critical  pneumatic 
pressure,  pneumatic  pressure  decline  warnings  are  gen- 
erated  and  displayed  by  a  display  unit  (5).  An  update 
switch  (41)  is  provided  and  when  this  update  switch  (41) 
is  turned  on  when  replacing  tires  (1a  -  1d),  the  electronic 
control  unit  (4)  adjusts  and  sets  the  value  of  the  critical 
pneumatic  pressure  described  above  based  on  the  res- 
onance  frequency  (f0B,  fk)  extracted  during  this  time. 
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Description 

CROSS-REFERENCE  TO  RELATED  APPLICATION 

This  application  is  related  to  and  claims  priority  from  s 
Japanese  Patent  Application  Nos.  Hei.  6-241975,  the 
contents  of  which  are  hereby  incorporated  by  reference. 

BACKGROUND  OF  THE  INVENTION 
10 

1  .  Field  of  the  Invention 

The  present  invention  relates  to  a  tire  pneumatic 
pressure  detector.  More  specifically,  the  present  inven- 
tion  relates  to  a  tire  pneumatic  pressure  detector  used  is 
for  generating  warnings  or  the  like  after  detecting  a 
decline  in  the  tire  pneumatic  pressure. 

2.  Description  of  Related  Art 
20 

Using  the  fact  that  tire  radius  changes  according  to 
pneumatic  pressure,  one  known  conventional  method  of 
detecting  tire  pneumatic  pressure  in  real-time  predicts 
tire  pneumatic  pressure  by  detecting  different  vehicle 
wheel  speeds  at  the  same  vehicle  speed.  However,  there  25 
are  great  differences  in  tire  radii  due  to  wear  and  tear, 
and  tire  radius  is  readily  affected  by  such  vehicle  cruising 
states  like  turning  or  braking.  Also,  with  radial  tires  or  the 
like  which  have  been  in  remarkably  widespread  use  in 
recent  years,  the  tire  radius  changes  only  by  a  minute  30 
amount,  e.g.,  1  mm,  even  if  the  pneumatic  pressure 
decreases  by  1  kg/cm2,  and  thus,  for  this  reason  accu- 
rate  prediction  of  the  pneumatic  pressure  from  the 
change  in  the  tire  radius  is  difficult. 

Accordingly,  focusing  on  the  fact  that  spring  vibration  35 
frequency  components  include  tire  resonance  frequency 
(caused  by  tire  torsion  vibration  and  coupled  vibration  of 
the  front  and  back  springs  of  suspensions),  the  inventors 
have  previously  proposed  an  apparatus  as  disclosed  in 
Japanese  Laid-Open  Patent  Publication  No.  Hei  6-  40 
238920  which  predicts  tire  pneumatic  pressure  from  the 
resonance  frequency  or  spring  constant. 

While  the  above  proposed  apparatus  predicts  tire 
pneumatic  pressure  more  accurately  than  the  conven- 
tional  method  based  on  tire  radius,  this  method  can  be  45 
further  improved. 

There  is  room  for  improvement  because  the  reso- 
nance  frequency  of  the  suspension  system  changes  if 
the  tires  or  wheels  are  replaced  even  for  the  same  tire 
pneumatic  pressure,  and  as  a  result,  errors  occur  in  the  so 
detection  of  pneumatic  pressure  and  false  warnings  of 
abnormal  pneumatic  pressure  are  generated. 

It  must  be  noted  here  that  abnormal  pneumatic  pres- 
sure  refers  to  that  state  of  tire  pneumatic  pressure  that 
affects  tire  and  vehicular  functions  such  as  contact  of  the  55 
tire  with  the  ground,  tire  life,  fuel  consumption  and  the 
like. 

SUMMARY  OF  THE  INVENTION 

In  consideration  of  these  problems,  it  is  a  goal  of  the 
present  invention  to  provide  a  tire  pneumatic  pressure 
detector  that  is  adaptable  to  all  types  and  kinds  of  vehicle 
shapes  and  that  can  accurately  predict  tire  pneumatic 
pressure  even  if  tires  or  the  like  are  replaced. 

This  goal  is  achieved  in  a  first  aspect  of  the  present 
invention  by  providing  a  tire  pneumatic  pressure  detector 
having  a  cruising  signal  generation  unit  which  generates 
a  cruising  signal  representative  of  motion  of  a  vehicle 
wheel,  an  extraction  unit  which  processes  the  cruising 
signal  to  extract  a  predetermined  characteristic  such  as 
the  wheel's  resonance  frequency  or  its  tire  spring  con- 
stant  and  a  tire  pressure  prediction  section  for  predicting 
the  tire's  pneumatic  pressure  based  on  the  resonance 
frequency  or  tire  spring  constant.  The  detector  a  tire 
change  signal  generator  generating  a  tire  change  signal 
when  the  tire  on  the  wheel  is  changed,  a  memory  which 
stores  a  relationship  between  the  predetermined  char- 
acteristic  (e.g.,  the  tire  resonance  frequency  or  spring 
constant)  and  the  tire's  pneumatic  pressure,  a  critical 
pressure  computation  section  which  computes  a  critical 
value  of  the  resonance  frequency  or  spring  constant 
when  the  tire  is  changed,  and  a  determination  section 
for  determining  the  tire  pressure  based  on  the  critical 
value. 

According  to  another  aspect  of  the  invention,  the 
memory  stores  data  indicative  of  a  critical  tire  pressure 
corresponding  to  an  abnormality  (e.g.,  a  low  pressure 
condition)  and  a  critical  resonance  frequency  or  spring 
constant  corresponding  thereto,  as  well  as  data  indica- 
tive  of  a  standard  characteristic  such  as  a  standard  res- 
onance  frequency  or  spring  constant  of  a  tire  having  a 
predetermined  standard  pressure.  The  data  may  be 
include  a  slope  of  a  substantially  linear  relationship 
between  the  standard  and  critical  characteristics,  and 
the  data  may  be  indicative  of  different  relationships  for 
different  types  of  tires. 

In  this  case,  the  computation  section  computes  a 
relationship  between  the  extracted  resonance  frequency 
or  spring  constant  and  the  standard  resonance  fre- 
quency  or  spring  constant,  and  the  system  includes  an 
alteration  section  which  alters  the  critical  resonance  fre- 
quency  or  spring  constant  based  on  that  relationship.  An 
abnormality  in  the  tire  pressure  may  then  be  detected 
based  on  the  altered  frequency  or  spring  constant. 

According  to  another  aspect,  the  computation  sec- 
tion  may  calculate  the  deviation  between  the  standard 
characteristic  and  the  extracted  characteristic,  and  the 
alteration  section  may  alter  the  critical  characteristic  by 
adding  the  deviation  to  the  critical  characteristic.  Also, 
the  system  may  include  an  abnormality  warning  section 
which  gives  vehicle  passengers  a  warning  when  the  tire 
pressure  is  abnormal. 

According  to  an  additional  aspect,  the  system  may 
further  include  a  conformity  determination  section  which 
checks  to  see  if  the  extracted  characteristic  after  a  tire 
change  or  the  deviation  between  the  extracted  charac- 
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teristic  and  the  standard  characteristic  lies  within  a  pre- 
determined  range  of  acceptable  values,  and  a  prohibition 
section  which  inhibits  alteration  of  the  critical  character- 
istic,  inhibits  prediction  of  the  tire  pressure  or  inhibits 
generating  a  passenger  warning  signal  when  the 
extracted  characteristic  is  outside  that  range. 

Other  objects  and  features  of  the  invention  will 
appear  in  the  course  of  the  description  thereof,  which  fol- 
lows. 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

Additional  objects  and  advantages  of  the  present 
invention  will  be  more  readily  apparent  from  the  following 
detailed  description  of  preferred  embodiments  thereof 
when  taken  together  with  the  accompanying  drawings  in 
which: 

FIG.  1  is  a  block  diagram  showing  the  entire  con- 
struction  of  a  tire  pneumatic  pressure  detector 
according  to  a  first  embodiment  of  the  present  inven- 
tion; 
FIGS.  2A  and  2B  are  a  flowchart  of  the  processing 
procedure  of  the  electronic  control  unit  according  to 
the  first  embodiment; 
FIG.  3  is  a  graph  of  the  output  waveform  of  a  pickup 
coil  in  the  first  embodiment; 
FIG.  4  is  a  graph  of  the  waveform  of  high-frequency 
components  of  a  vehicle  wheel  speed  signal  in  the 
first  embodiment; 
FIG.  5  is  a  graph  showing  the  frequency  spectrum 
of  the  high-frequency  components  of  the  vehicle 
wheel  speed  signal  in  the  first  embodiment; 
FIG.  6  is  an  illustration  explaining  the  procedure  of 
the  averaging  of  the  frequency  analysis  results  in  the 
first  embodiment; 
FIG.  7  is  a  graph  showing  the  frequency  spectrum 
of  the  high-frequency  components  of  the  vehicle 
wheel  speed  signal  after  moving  averaging  process- 
ing  in  the  first  embodiment; 
FIG.  8  is  a  graph  showing  the  relationship  between 
resonance  frequency  and  tire  pneumatic  pressure 
in  the  first  embodiment; 
FIGS.  9A  and  9B  are  a  flowchart  of  the  processing 
procedure  of  an  electronic  control  unit  according  to 
a  second  embodiment  of  the  present  invention; 
FIGS.  1  0A  and  1  0B  are  a  flowchart  of  the  processing 
procedure  of  a  electronic  control  unit  according  to  a 
third  embodiment  of  the  present  invention; 
FIG.  1  1  is  a  flowchart  of  the  principal  part  of  the 
processing  procedure  of  an  electronic  control  unit 
according  to  a  fourth  embodiment  of  the  present 
invention; 
FIG.  12  is  an  illustration  of  the  relationship  between 
resonance  frequency  and  tire  pneumatic  pressure 
in  the  fourth  embodiment;  and 
FIG.  13  is  a  flowchart  showing  the  processing  pro- 
cedure  of  an  electronic  control  unit  according  to  a 
fifth  embodiment  of  the  present  invention. 

DETAILED  DESCRIPTION  OF  THE  PRESENTLY  PRE- 
FERRED  EXEMPLARY  EMBODIMENTS 

Preferred  embodiments  of  the  present  invention  are 
5  described  hereinafter  with  reference  to  the  accompany- 

ing  drawings. 
As  one  example  of  an  abnormal  pneumatic  pressure 

detecting  system,  the  case  when  pneumatic  pressure 
decline  is  detected  and  displayed  is  explained  hereinaf- 

10  ter.  FIG.  1  shows  the  entire  construction  of  the  device 
with  each  of  tires  1a-1d  at  the  front,  back,  left  and  right 
of  a  vehicle  being  provided  with  pulsers  2a-2d  that  are 
integrated  with  the  vehicle  wheels.  These  pulsers  2a-2d 
are  toothed  wheels  made  of  magnetic  material.  Pick-up 

15  coils  3a-3d  are  disposed  at  a  predetermined  distance 
from  the  outer  circumference  of  each  pulsers  2a-2d. 
These  pick-up  coils  3a-3d  are  excited  every  time  each 
tooth  of  pulsers  2a-2d  passes  by,  in  other  words,  each 
of  pick-up  coils  3a-3d  generates  a  periodic  alternating 

20  current  signal  in  correspondence  with  the  rotation  speed 
of  each  of  wheels  1a-1d.  This  is  shown  in  FIG.  4. 

The  output  signal  of  each  pick-up  coils  3a-3d  is  pro- 
vided  to  electronic  control  unit  (ECU)  4.  ECU  4  is  con- 
structed  using  a  waveform  shaping  circuit,  CPU,  ROM 

25  and  RAM,  and  following  a  processing  program,  ECU  4 
performs  signal  processing  to  be  explained  later.  ECU  4 
is  connected  to  display  5  and  uses  the  display  5  to  warn 
of  the  decline  of  tire  pneumatic  pressure  as  the  result  of 
the  signal  processing.  In  addition,  ECU  4  is  connected 

30  to  update  switch  41  which  is  entered  during  tire  replace- 
ment  or  the  like  and  which,  as  will  be  explained  later, 
updates  the  critical  frequency  of  the  pneumatic  pressure 
decline. 

FIGS.  2A  and  2B  show  the  signal  processing  proce- 
35  dure  of  ECU  4.  Actually,  the  same  process  is  performed 

for  each  of  tires  1  a-1  d  and  therefore,  the  process  for  only 
one  of  the  tires  is  explained.  Step  101  checks  if  update 
switch  41  described  above  is  switched  on  or  not.  Nor- 
mally,  switch  41  is  not  actuated  and  thus,  control  goes  to 

40  step  201  and  below  of  FIG.  2B.  Also,  update  switch  41 
which  indicates  tire  replacement  is  actuated  in  step  101 
when  starting  vehicles  after  factory  shipment.  Accord- 
ingly,  control  proceeds  to  steps  1  02  and  1  03  after  starting 
the  vehicle  in  step  101  and  furthermore,  a  predetermined 

45  frequency  f0A  or  critical  frequency  fLA  for  the  standard 
tire  stored  in  ECU  4  is  retrieved  in  step  1  1  0  or  the  like 
and  tire  pneumatic  pressure  is  determined  in  steps  1  1  1 
to  1  1  3  with  f  0A  =  f  0B  ,  Af  1  =0  and  f  LB  =  f  LA  . 

In  addition,  the  frequency  computed  at  the  start  of 
so  driving  during  shipment  can  also  be  set  as  the  predeter- 

mined  frequency  f  0A  of  the  standard  tire.  It  must  be  noted 
here  that  when  replacing  tires,  the  tire  is  pumped  before- 
hand  to  a  pneumatic  pressure  of  the  predetermined 
pressure  (for  example,  2  kg/cm2). 

55  Step  1  02  checks  whether  flag  F  is  set.  If  flag  F  is  not 
set,  step  1  03  computes  the  vehicle  wheel  speed  V.  Vehi- 
cle  wheel  speed  V  is  derived  by  dividing  the  interval 
between  the  tooth  of  the  above  pulsers  2a-2d  by  the  time 
between  pulses  after  wave-shaping  the  output  signal  of 
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pick-up  coils  3a-3d  to  form  a  pulse  signal.  This  vehicle 
wheel  speed  V  has  high-frequency  components  that 
includes  tire  vibration  frequency  superimposed  thereon, 
and  the  high  frequency  components  AV  are  extracted 
through  filtering.  This  is  shown  in  FIG.  4. 

Next,  step  1  04  determines  the  surface  road  condi- 
tion.  This  is  for  checking  if  the  magnitude  AV  (shown  in 
FIG.  4)  of  the  high-frequency  components  of  vehicle 
speed  V  is  between  standard  values  VL  and  VH.  The  res- 
onance  frequency  cannot  be  computed  with  high  accu- 
racy  if  AV  is  too  large  or  too  small.  Step  105  checks  to 
see  if  a  time  At  since  AV  has  satisfied  the  conditions  of 
step  104  is  at  least  as  long  as  predetermined  minimum 
road  travel  time  to.  Next,  step  1  06  performs  frequency 
analysis  (for  example,  Fast  Fourier  Transformation  (FFT) 
or  Linear  Predictive  Method  transformation)  on  the  high 
frequency  components  extracted  above.  Hereinafter,  the 
case  when  FFT  calculations  are  used  is  explained. 

FIG.  5  shows  the  random  frequency  characteristics 
caused  by  the  effects  of  minute  unevenness  in  the  road 
that  appears  irregularly.  In  this  way,  in  steps  107  and  108, 
FFT  calculations  are  performed  no  times  to  average  out 
the  fluctuations  of  the  computation  result  of  the  FFT.  Step 
1  09  performs  an  averaging  procedure.  This  process  is 
shown  in  FIG.  6. 

In  FIG.  6,  for  every  time  interval  To,  FFT  calculations 
are  performed  no  times  (shown  in  the  upper  and  middle 
rows  of  the  figure)  on  the  vehicle  speed  V  derived  during 
each  interval,  and  performing  averaging  operations  on 
the  FFT  computation  results  (lower  row  of  the  figure)  to 
derive  averages  the  gains  of  each  frequency  component 
and  cancels  the  random  noise  fluctuation  components 
which  results  in  the  resonance  peak  appearing  clearly. 

The  FFT  computation  result  averaged  in  step  109, 
as  shown  in  FIG.  7,  has  resonance  peaks  at  two  places 
along  the  frequency  axis.  As  shown  by  the  dotted  line, 
when  tire  pneumatic  pressure  declines  and  the  spring 
constant  of  the  rubber  part  of  the  tire  gets  smaller,  the 
resonance  frequency  also  moves  to  the  lower  frequency 
side.  It  must  be  noted  here  that  the  above  resonance  fre- 
quency  corresponds  with  the  tire  pneumatic  pressure  in 
principle. 

After  the  averaging  procedure  of  step  1  09,  step  1  1  0 
computes  the  resonance  frequency  f0B.  As  shown  in  FIG. 
8,  this  resonance  frequency  f  0B  is  based  on  replacement 
tire  B  being  supplied  with  the  predetermined  pressure. 
Compared  to  the  standard  tire,  replacement  tire  B  of  the 
figure  is  a  flattened  and  very  stiff  tire  having  a  resonance 
frequency  f0B  higher  than  the  resonance  frequency  f0A 
of  the  standard  tire. 

According  to  the  findings  of  the  inventors,  there  is  a 
range  of  allowable  sizes  for  tires  and  wheels  that  can  be 
installed  on  a  particular  vehicle  type  and  within  this 
range,  as  shown  in  FIG.  8,  tire  pneumatic  pressure  and 
resonance  frequency  can  be  translated  in  parallel  while 
maintaining  the  slope  a.  It  must  be  noted  here  that 
replacement  tire  C  represents,  for  example,  an  aluminum 
wheel  which  replaced  the  iron  wheel  and  comparing  this 

tire  with  the  standard  tire,  its  resonance  frequency  is 
lower  than  that  of  the  standard  tire. 

Meanwhile,  from  the  fact  that  the  slope  which  repre- 
sents  the  relationship  between  resonance  frequency  and 
tire  pneumatic  pressure  is  constant  for  the  same  car  type, 
step  1  1  1  computes  the  difference  Af  1  between  the  res- 
onance  frequency  when  the  tire  is  pumped  to  have  the 
predetermined  pressure  (referred  to  as  predetermined 
frequency  hereinafter)  f0A,  f0B  during  factory  shipment  or 
the  like,  and  the  following  step  1  12  uses  Eq.  (1)  to  com- 
pute  the  new  critical  frequency  fLB.  Step  113  then 
updates  critical  frequency  fLA  of  the  standard  tire. 

fLB=fLA  +  Af1  (1) 

It  must  be  noted  here  that  the  above  critical  fre- 
quencies  fLA,  fLB  correspond  to  the  critical  pressure  at 
which  a  warning  of  the  decline  of  tire  pneumatic  pressure 
is  generated,  and  are  constant  for  the  same  vehicle  type. 

In  addition,  the  critical  frequency  fLA  for  the  standard 
tire  and  the  resonance  frequency  f0A  when  the  standard 
tire  is  pumped  to  have  the  predetermined  pressure 
remain  stored  in  ECU  4  or  the  like  even  after  replacing 
the  standard  tire.  For  this  case,  computing  a  new  critical 
frequency  f  LC  when  replacing  the  tire  for  the  second  time 
and  thereafter  involves  the  use  of  critical  frequency  fLA 
of  the  standard  tire,  the  computation  of  a  deviation  Af2 
between  a  frequency  f0c  and  a  frequency  f0A,  and  the 
use  of  the  Eq.  (2)  below. 

fLC=fLA  +  Af2  (2) 

It  must  be  noted  here  that  when  renewing  the  crit- 
ical  frequency  using  Eqs.  (1)  and  (2),  the  standard  tire  is 
fixed  and  the  predetermined  frequency  and  critical  fre- 
quency  for  the  standard  tire  is  the  standard  for  computing 
the  critical  frequency  for  the  replacement  tire  even  if  it  is 
the  second  or  subsequent  tire  replacement.  In  this  way, 
the  predetermined  frequency  and  the  critical  frequency 
of  the  standard  tire  are  stored,  and  with  the  use  of  this 
value  to  update  the  critical  frequency  which  is  the  deter- 
mination  standard  of  the  pneumatic  pressure  of  the  new 
tire,  there  is  no  need  to  renew  the  standard  used  for 
updates  and  even  after  tire  replacements  are  performed 
multiple  times,  tire  pneumatic  pressure  detection 
remains  accurate. 

In  addition,  for  the  case  when  the  predetermined  fre- 
quency  f0A  and  the  critical  frequency  fLA  for  the  standard 
tire  is  not  stored  after  the  first  tire  replacement,  the  new 
critical  frequency  fLC  is  computed  as  shown  below.  In 
other  words,  setting  foc  as  the  frequency  when  a  new  tire 
is  pumped  to  have  the  predetermined  pressure,  devia- 
tion  Af3  between  frequency  f0c  and  frequency  f0B  of  the 
presently-installed  tire  is  computed  and  critical  fre- 
quency  fLCi  is  computed  using  Eq.  (3)  shown  below. 

fLC1=fLB+Af3  (3) 
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That  is,  when  updating  the  critical  frequency  using 
the  above  Eq.  (3),  the  standard  for  the  frequency  and  the 
critical  frequency  in  the  next  cycle  is  not  fixed  to  that  of 
the  standard  tire  and  is  changed  by  the  critical  frequency 
and  frequency  of  the  tire  after  tire  replacement.  The  5 
same  effect  is  derived  with  this  kind  of  construction. 

After  executing  the  above  procedure  once,  because 
step  1  13  updates  critical  frequency  fLA  of  the  standard 
tire  to  the  critical  frequency  fLB  of  the  tire  after  tire 
replacement  together  with  step  114  setting  flag  F,  tire  10 
pneumatic  prediction  is  executed  based  on  tire  critical 
frequency  fLB  of  the  presently-installed  tire  in  the  suc- 
ceeding  cycles  until  tire  replacement  is  performed,  in 
other  words,  until  the  flag  F  is  updated.  In  addition,  even 
if  update  switch  41  is  actuated  after  switching  on  the  igni-  15 
tion  switch,  step  1  1  4  sets  flag  F  and  step  1  02  checks  the 
condition  of  the  flag;  in  other  words,  the  value  of  the  flag 
is  checked,  and  thus,  control  proceeds  to  step  201  shown 
in  FIG.  2B.  Accordingly,  the  processes  of  step  103  and 
subsequent  steps  are  performed  only  once  after  actuat-  20 
ing  the  ignition  switch. 

The  processes  of  steps  201-208  are  the  same  as 
the  processes  of  steps  103-110  of  FIG.  2A.  Step  209 
compares  the  resonance  frequency  fk  during  vehicle 
cruising  derived  in  step  208  with  the  new  critical  fre-  25 
quency  fLB  and  if  the  former  is  smaller  than  the  latter, 
step  210  generates  a  pneumatic  pressure  decline  warn- 
ing.  Step  209  compares  the  initially  set  critical  frequency 
fû   with  resonance  frequency  fk.  In  addition,  also  exe- 
cuted  in  step  209  are  tire  replacement  and  the  sequential  30 
update  of  the  critical  frequency  like  fLA  ->  fLB  ->  fLC  ... 
after  the  end  of  each  cycle  after  actuating  update  switch 
41. 

Meanwhile,  it  is  possible  to  display  the  tire  pneu- 
matic  pressure  at  all  times  for  this  embodiment.  For  this  35 
purpose,  there  is  a  need  to  store  the  relationship  of  tire 
pneumatic  pressure  with  the  resonance  frequency  as  a 
map  with  map  revisions  performed  using  the  above  devi- 
ation  of  Af  1  derived  for  the  replacement  tire.  Accordingly, 
the  tire  pneumatic  pressure  of  the  replacement  tire  can  40 
be  predicted  accurately  with  display  5  showing  the  pre- 
dicted  value. 

While  a  pneumatic  pressure  decline  warning  is  gen- 
erated  based  on  the  critical  frequency  for  the  first  embod- 
iment,  the  pneumatic  pressure  decline  warning  can  also  45 
be  generated  when  the  difference  from  the  predeter- 
mined  frequency  exceeds  a  predetermined  amount.  The 
process  for  this  case  is  shown  in  FIGS.  9A  and  9B. 

Steps  301-310  of  FIG.  9A  are  the  same  as  steps 
1  01  -1  1  0  of  FIG.  2A  of  the  first  embodiment  with  the  steps  so 
corresponding  to  steps  1  1  1  -1  1  3  of  the  first  embodiment 
omitted  for  this  embodiment.  Steps  401-408  of  FIG.  9B 
are  the  same  as  steps  201-208  of  FIG.  2B  of  the  first 
embodiment. 

Step  409  of  FIG.  9B  checks  if  resonance  frequency  ss 
fk  computed  in  step  408  for  the  resonance  frequency 
(predetermined  frequency)  f0B  is  within  a  predetermined 
range  Af2  and  if  it  is  not,  step  410  warns  of  the  decline 
of  pneumatic  pressure.  It  must  be  noted  here  that  the 

first  tire  replacement  is  not  yet  executed  and  if  the  stand- 
ard  tire  is  presently  installed,  the  predetermined  fre- 
quency  f0A  is  checked  to  see  if  it  is  within  predetermined 
range  Af2.  In  addition,  step  409  performs  tire  replace- 
ment,  and  critical  frequency  which  is  compared  with  Af2 
is  renewed  in  a  fLA  ->  fLB  ->  fLC  ...  sequence  after  the 
end  of  each  cycle  after  switching  on  update  switch  41  . 

This  embodiment  gives  the  same  effect  as  that  of 
the  first  embodiment  with  no  need  for  calculating  the  crit- 
ical  frequency  f  LB.  Also,  it  is  possible  for  this  embodiment 
to  warn  on  the  oversupply  of  tire  pneumatic  pressure. 

While  the  resonance  frequency  is  extracted  in  the 
above  embodiments,  the  spring  constant  of  the  tire  can 
also  be  computed.  The  process  for  this  case  is  shown  in 
FIGS.  1  0A  and  1  0B  which  are  basically  the  same  as  the 
processes  of  the  first  embodiment  shown  in  FIGS.  2A 
and  2B.  Their  differences  are  explained  below. 

Step  506  of  FIG.  10A  computes  spring  constant  K 
using  the  method  disclosed  in  Japanese  Patent  Laid 
Open  Publication  Hei-5-1  19607  (incorporated  herein  by 
reference).  Steps  507  and  508  compute  this  spring  con- 
stant  K  no  times.  Step  509  performs  an  averaging  proce- 
dure  to  derive  the  final  value  of  the  predetermined  spring 
constant  (the  spring  constant  of  the  tire  at  the  predeter- 
mined  pneumatic  pressure)  KqB  of  the  replacement  tire. 
Step  51  0  computes  the  difference  AK  between  predeter- 
mined  spring  constant  KqB  and  predetermined  spring 
constant  KqA  of  the  standard  tire.  Next,  step  51  1  com- 
putes  the  critical  spring  constant  (the  spring  constant  of 
the  tire  at  critical  pneumatic  pressure)  KLB  of  the  replace- 
ment  tire  using  Eq.  (4).  Step512then  updates  the  critical 
spring  constant  KLA  of  the  standard  tire  to  the  above  crit- 
ical  spring  constant. 

KLB  =  KLA  +  AK  (4) 

The  computation  of  spring  constant  K  is  per- 
formed  for  no  times  in  steps  604,  605  and  606  of  FIG. 
10B.  Step  607  executes  an  averaging  procedure  to 
derive  the  present  spring  constant  K  of  the  replacement 
tire.  Next,  step  608  compares  the  above  spring  constant 
K  with  a  critical  spring  constant  KLB,  and  if  the  former  is 
smaller  than  the  latter,  step  609  generates  a  pneumatic 
pressure  decline  warning. 

For  the  process  shown  in  FIG.  2A  of  the  first  embod- 
iment,  irregularity  determination  step  701  shown  in  FIG. 
1  1  is  inserted  between  steps  1  1  0  and  111.  With  the  pro- 
vision  of  this  step  701  ,  irregularity  processing  proceeds 
from  step  701  to  step  702  without  updating  the  critical 
frequency  in  step  1  1  1  if  the  resonance  frequency  f0B 
computed  in  step  1  1  0  is  not  within  the  normal  range  f0L- 
f0H  (shown  in  FIG.  12).  This  irregularity  procedure 
involves  cancelling  the  above  resonance  frequency  f0B, 
prohibiting  the  change  of  the  standard  value,  retraining, 
showing  warnings  or  the  like. 

It  must  be  noted  here  that  irregularity  determination 
step  702  can  be  inserted  between  steps  509  and  510 
shown  in  FIG.  10A  of  the  third  embodiment  to  eliminate 
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a  spring  constant  K0B  that  is  not  within  the  predeter- 
mined  range. 

While  a  range  of  values  for  the  magnitude  of  the  res- 
onance  frequency  is  provided  in  step  801  described 
above,  a  range  can  also  be  provided,  for  example,  for  the  s 
magnitude  of  difference  Af  computed  in  step  1  1  1  of  FIG. 
2A  of  the  first  embodiment  and  irregularity  processing 
can  be  executed  if  Af  deviates  from  such  a  range. 

Furthermore,  while  the  above  irregularity  process- 
ing  deals  with  prohibiting  changes  in  the  critical  fre-  to 
quency,  in  other  words,  with  the  prohibition  of  changing 
the  standard  value  or  the  like,  there  is  no  need  to  be  lim- 
ited  to  this  technique.  For  example,  in  step  209  shown  in 
FIG.  2B,  the  execution  of  the  comparison  procedure  of 
the  resonance  frequency  with  the  critical  frequency  can  is 
be  prohibited  with  the  prediction  of  tire  pneumatic  pres- 
sure  also  prohibited.  Also,  the  display  of  warnings  in  step 
210  of  FIG.  2B  can  be  prohibited.  Even  with  this,  pas- 
sengers  can  still  be  informed  accurately  of  the  decline  in 
the  pneumatic  pressure.  20 

In  the  above  embodiments,  the  critical  frequency 
after  tire  replacement  is  changed  based  on  the  frequency 
(predetermined  frequency)  of  the  tire  having  the  prede- 
termined  pressure  and  the  critical  frequency  which  cor- 
responds  to  the  critical  pneumatic  pressure  of  the  tire.  25 
However,  in  this  fifth  embodiment,  the  slope  of  the  sub- 
stantially  linear  relationship  between  the  resonance  fre- 
quency  and  the  tire  pneumatic  pressure  that  is  fixed  for 
each  vehicle  type  is  stored  beforehand.  Then,  after  tire 
replacement,  this  slope  is  used  in  adjusting  the  setting  30 
of  the  critical  frequency  of  the  new  tire.  In  this  fifth  embod- 
iment,  there  is  no  specification  on  standard  tires  with  the 
critical  frequency  computed  for  every  installed  tire  after 
each  tire  replacement,  and  tire  pneumatic  pressure 
detection  is  executed  based  on  this  critical  frequency.  For  35 
this  case,  it  is  assumed  that  the  tire  is  pumped  to  have 
the  predetermined  pneumatic  pressure  immediately 
after  tire  replacement. 

FIG.  13  is  used  in  explaining  the  fifth  embodiment. 
While  switching  on  the  ignition  switch  starts  the  process-  40 
ing  from  step  801,  explanation  thereof  is  omitted  since 
the  flow  up  to  and  including  step  808  is  practically  the 
same  as  that  of  the  embodiments  described  before.  Step 
809  determines  if  update  switch  41  is  on.  If  so,  control 
proceeds  to  step  810.  Usually,  update  switch  41  is  off  45 
and  accordingly,  control  proceeds  to  step  813.  Also,  it 
must  be  noted  here  that  when  driving  vehicles  after  ship- 
ment  from  the  factory,  update  switch  41  is  set  to  be  on 
beforehand  and  so  control  proceeds  to  step  810. 

First,  the  process  when  tire  replacement  is  executed  so 
or  during  driving  after  factory  shipment  is  explained.  For 
this  case,  update  switch  41  is  on  and  control  proceeds 
to  step  81  0  where  the  flag  is  checked.  This  flag  is  not  set 
during  driving  after  factory  shipment  and  since  this  flag 
is  reset  when  ignition  is  turned  off  temporarily  due  to  the  ss 
replacement  of  the  tire,  control  proceeds  to  step  81  1  . 
Step  81  1  computes  the  critical  frequency  fLK  using  the 
slope  of  the  relationship  between  frequency  and  tire 
pneumatic  pressure  which  is  stored  beforehand  for  each 

car  type  in  ECU  4  or  the  like  and  resonance  frequency 
fk  computed  in  step  808.  Since  the  predetermined  fre- 
quency  value  and  critical  pneumatic  frequency  value 
when  the  tire  has  the  predetermined  pneumatic  pressure 
value,  and  the  slope  values  that  express  the  relationship 
of  these  frequencies  with  the  tire  pneumatic  pressure  are 
used  during  the  computation  of  critical  frequency  fLK, 
critical  frequency  f  LK  can  be  computed  accurately.  It  must 
be  noted  here  that  the  resonance  frequency  fk  computed 
after  factory  shipment  or  resonance  frequency  computed 
at  the  start  of  tire  replacement  is  used  as  the  predeter- 
mined  frequency. 

Step  812  sets  flag  F.  Next,  proceeding  to  step  813, 
critical  frequency  fLK  and  resonance  frequency  fk  are 
compared  and  step  814  generates  warnings  according 
to  the  comparison  result. 

While  control  passes  through  steps  811  and  812 
when  tire  replacement  is  executed  or  during  driving  after 
factory  shipment,  processing  skips  steps  811  and  812 
when  update  switch  41  is  off  when  there  is  no  tire 
replacement  or  the  like,  or  when  control  has  once  passed 
through  steps  81  1  and  812  even  if  the  update  switch  41 
is  on  after  ignition.  In  other  words,  since  step  809  gives 
a  negative  result  if  update  switch  41  is  not  actuated,  then 
control  proceeds  from  step  809  to  step  813.  It  must  be 
noted  here  that  this  update  switch  41  resets  if  the  ignition 
is  turned  off. 

In  this  way,  there  is  no  need  to  specify  standard  tires 
for  this  fifth  embodiment  and  only  the  slope  which 
expresses  the  relationship  between  resonance  fre- 
quency  and  tire  pneumatic  pressure  needs  to  be  stored 
for  each  vehicle  type  for  the  simple  and  accurate  detec- 
tion  of  pneumatic  pressure  for  each  tire. 

It  must  be  noted  here  that  the  irregularity  determi- 
nation  step  701  explained  in  the  fourth  embodiment  can 
also  be  inserted  between  steps  81  1  and  812  or  the  like 
for  this  fifth  embodiment.  That  is,  if  the  flow  of  the  process 
has  advanced  to  step  81  1  ,  the  update  switch  41  is  on 
during  vehicle  driving  or  tire  replacement  and  for  this 
case,  it  is  assumed  that  the  presently-installed  tire  has 
the  predetermined  pneumatic  pressure.  However,  if  the 
resonance  frequency  fk  is  not  within  the  predetermined 
range,  it  is  determined  that  the  resonance  frequency 
cannot  be  detected  accurately  and  measures  such  as 
prohibiting  tire  pneumatic  pressure  detection  are  taken 
by  the  irregularity  processing  routine  702.  Accordingly, 
erroneous  information  on  the  irregularity  of  the  tire  pneu- 
matic  pressure  can  be  avoided. 

While  the  slope  is  used  in  computing  the  critical  fre- 
quency  for  the  fifth  embodiment,  there  is  no  specification 
for  the  standard  tire,  no  storing  of  the  predetermined  fre- 
quency  and  critical  frequency  for  the  standard  tire,  and 
no  employment  of  these  in  the  control  process.  In  a  sixth 
embodiment  of  the  invention,  critical  frequency  is  com- 
puted  using  such  slope  and  the  predetermined  fre- 
quency  for  the  standard  tire  is  stored  and  is  used  for 
control. 

The  flow  of  control  is  explained  simply  below.  The 
same  process  as  that  of  steps  1  01  to  1  1  1  of  FIG.  2A  for 
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the  first  embodiment  is  performed  and  in  the  same  way 
as  step  81  1  of  FIG.  13  of  the  fourth  embodiment,  step 
1  1  2  computes  the  critical  frequency  of  the  present  tire 
using  the  slope  described  above  and  the  predetermined 
frequency  when  the  presently-installed  tire  has  the  pre-  5 
determined  pneumatic  pressure.  Next,  step  1  1  3  updates 
the  critical  frequency.  In  the  same  way  as  the  first  embod- 
iment,  steps  starting  from  step  201  are  executed  when 
update  switch  41  is  not  actuated  and  when  the  update 
switch  41  is  continuously  actuated  after  updating  the  crit-  w 
ical  frequency.  It  must  be  noted  here  that  the  critical  fre- 
quency  for  the  standard  tire  can  be  stored  beforehand  in 
ECU  4  or  computed  from  the  stored  slope  and  predeter- 
mined  pneumatic  pressure. 

Next,  a  step  which  has  the  same  effect  as  Step  701  15 
of  the  fourth  embodiment  is  inserted  between  steps  1  1  1 
and  113  shown  in  FIG.  2A.  For  example,  if  it  is  inserted 
after  step  1  1  1  ,  the  step  determines  if  the  deviation  Af  1 
between  the  value  of  the  predetermined  frequency  of  the 
standard  tire  and  the  predetermined  frequency  of  the  20 
presently  installed  tire  lies  in  the  range  from  Af-i  to  Afh. 
That  is,  if  deviation  Af  1  is  too  large,  then  it  is  assumed 
that  the  resonance  frequency  of  the  presently  installed 
tire  cannot  be  detected  correctly  for  some  reason  and 
control  proceeds  to  the  next  step  where  irregularity  25 
processing  is  executed.  The  same  irregularity  process- 
ing  as  that  of  the  fourth  embodiment  described  before 
may  be  performed. 

In  this  way,  fixing  the  predetermined  frequency  for 
the  standard  tire  enables  the  determination  of  irregularity  30 
after  tire  replacement  with  the  predetermined  frequency 
of  the  standard  tire  as  the  standard  and  the  execution  of 
accurate  irregularity  detection. 

Although  the  present  invention  has  been  fully 
described  in  connection  with  preferred  embodiments  35 
thereof  with  reference  to  accompanying  drawings,  it  is  to 
be  noted  that  various  changes  and  modifications  will 
become  apparent  to  those  skilled  in  the  art.  Such 
changes  and  modifications  are  to  be  understood  as 
being  within  the  scope  of  the  present  invention  as  40 
defined  by  the  appended  claims. 

Claims 

1  .  A  tire  pneumatic  pressure  detector  comprising:  45 
cruising  signal  generation  means  (3a-3d)  for 

generating  a  cruising  signal  (V)  during  cruising  of  a 
vehicle,  said  cruising  signal  (V)  including  vibration 
frequency  components  of  a  tire  (1a-  1d)  installed  on 
said  vehicle;  so 

extraction  means  (4,  106-1  10,  204-208,  306- 
310,  404-408,  506,  604,  804-808)  for  extracting  an 
extracted  characteristic  (f0B,  f  k.  K)  from  said  cruising 
signal,  said  extracted  characteristic  being  one  of  a 
resonance  frequency  (f0B,  f«)  of  said  tire  (1a-1d)  and  55 
a  spring  constant  (K)  of  said  tire; 

tire  pneumatic  pressure  prediction  means  (4) 
for  predicting  tire  pneumatic  pressure  based  on  said 
extracted  characteristic  (f0B,  f«.  K): 

signal  generation  means  (41)  for  generating 
predetermined  signals  when  said  tire  (1a-1d)  is 
replaced  with  a  tire  (1a-1d)  having  a  predetermined 
pneumatic  pressure; 

memory  means  (4)  for  storing,  for  a  plurality 
of  vehicle  types,  data  representative  of  a  substan- 
tially  linear  relationship  of  a  change  in  said  extracted 
characteristic  (f0B,  f«.  K)  witn  a  change  in  said  tire 
pneumatic  pressure; 

computation  means  (4,  111-113,  507-512, 
605-607)  for,  responsive  to  said  predetermined  sig- 
nal,  computing  a  critical  characteristic  correspond- 
ing  to  a  critical  pneumatic  pressure  of  a  presently 
installed  tire  based  on  said  relationship  stored  in 
said  memory  means  (4)  and  said  extracted  charac- 
teristic,  (foB>  f«.  K)  saic)  critical  characteristic  being 
one  of  a  critical  resonance  frequency  (fLA,  fLB)  and 
a  critical  spring  constant;  and 

determination  means  (4)  for  determining  tire 
pneumatic  pressure  based  on  said  critical  charac- 
teristic. 

2.  A  tire  pneumatic  pressure  detector  comprising: 
cruising  signal  generation  means  (3a-3d)  for 

generating  a  cruising  signal  (V)  during  cruising  of  a 
vehicle,  said  cruising  signal  (V)  including  vibration 
frequency  components  of  a  tire  (1a-1d)  installed  on 
said  vehicle; 

extraction  means  (4,  106-1  10,  204-208,  306- 
310,  404-408,  506,  604,  804-808)  for  extracting  an 
extracted  characteristic  (f0B,  f«.  K)  of  said  tire  (la- 
Id)  from  said  cruising  signal  (V),  said  extracted  char- 
acteristic  (f0B,  fK,  K)  being  one  of  a  resonance  fre- 
quency  (foB>  f«)  of  said  tire  (1a-1d)  and  a  spring 
constant  (K)  of  said  tire  (1a-1d); 

memory  means  (4)  for  storing  a  critical  char- 
acteristic  corresponding  to  a  critical  pneumatic  pres- 
sure  which  is  a  standard  for  determining  abnormal 
tire  pneumatic  pressure  in  a  predetermined  stand- 
ard  vehicle  tire  (1a-1d),  and  for  storing  a  standard 
characteristic  (f0A>  W  koa)  indicative  of  when  said 
standard  vehicle  tire  (1a-1d)  has  a  predetermined 
pneumatic  pressure,  said  critical  characteristic 
being  one  of  a  critical  resonance  frequency  and  a 
critical  spring  constant  and  said  standard  character- 
istic  (foA>  W  koa)  being  one  of  a  standard  reso- 
nance  frequency  (f0A>  W  and  a  standard  spring 
constant  (K0A); 

signal  generation  means  (41)  for  generating 
a  predetermined  signal  when  said  standard  vehicle 
tire  (1a-1d)  is  replaced  with  a  vehicle  tire  (1a-1d) 
having  said  predetermined  pneumatic  pressure; 

computation  means  (4,  111,  409,  510)  for, 
responsive  to  said  predetermined  signal,  computing 
a  deviation  (Af  1,  AK)  between  said  standard  charac- 
teristic  (f0A,  foA.  koa)  and  said  extracted  character- 
istic  (f0B,  fK,  K);  and 

alteration  means  (4,  113,  512)  for  altering 
said  critical  characteristic  based  on  said  deviation 
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(Af-,,  AK); 
tire  pneumatic  pressure  prediction  means  (4) 

for  predicting  tire  pneumatic  pressure  based  on  said 
extracted  characteristic  (f0B,  fK.  K)- 

5 
3.  A  tire  pneumatic  pressure  detector  comprising: 

cruising  signal  generation  means  (3a-3d)  for 
generating  a  cruising  signal  (V)  during  cruising  of  a 
vehicle,  said  cruising  signal  (V)  including  includes 
vibration  frequency  components  of  a  tire  (1a-1d)  10 
installed  on  said  vehicle; 

extraction  means  (4,  106-1  10,  204-208,  306- 
310,  404-408,  506,  604,  804-808)  for  extracting  an 
extracted  characteristic  (f0B,  f  K,  K)  from  said  cruising 
signal  (V),  said  extracted  characteristic  (f0B,  fK,  K)  is 
being  one  of  a  resonance  frequency  (f0B,  f  «)  of  said 
tire  (1  a-1  d)  and  a  spring  constant  (K)  of  said  tire  (1  a- 
1d); 

tire  pneumatic  pressure  prediction  means  (4) 
for  predicting  tire  pneumatic  pressure  based  on  said  20 
extracted  characteristic  (f0B,  fK,  K); 

memory  means  (4)  for  storing  a  standard 
characteristic  (f0A,  W.  koa)  °f  a  predetermined 
standard  tire  (1  a-1  d)  indicative  of  when  said  tire  (1  a- 
1d)  has  a  predetermined  pneumatic  pressure,  and  25 
for  storing  a  critical  characteristic  corresponding  to 
a  critical  tire  pneumatic  pressure  which  is  a  standard 
for  determining  an  abnormality  in  a  pneumatic  pres- 
sure  of  said  standard  tire  (1a-1d),  said  standard 
characteristic  (f0A,  foA,  koa)  being  one  of  a  standard  30 
resonance  frequency  (f0A,  ^a)  of  said  standard  tire 
and  a  standard  spring  constant  (K0A)  of  said  tire  and 
said  critical  characteristic  being  one  of  a  resonance 
frequency  and  a  critical  spring  constant; 

first  determination  means  (4,  209,  409,  608,  35 
813)  for  determining  an  abnormality  in  tire  pneu- 
matic  pressure  of  said  standard  tire  (1a-1d)  based 
on  said  extracted  characteristic  (f0B,  fK,  K)  and  said 
critical  characteristic  stored  in  said  memory  means 
(4);  40 

signal  generation  means  (41)  for  generating 
a  predetermined  signal  when  said  standard  tire  (la- 
Id)  is  replaced  with  a  tire  (1a-1d)  having  said  pre- 
determined  pneumatic  pressure; 

computation  means  (4)  for  computing,  45 
responsive  to  said  predetermined  signal,  a  relation- 
ship  between  said  standard  characteristic  (f0A,  foA, 
K0A)  and  said  extracted  characteristic  (f0B,  fK,  K); 

alteration  means  (4,  113,  512)  for  altering 
said  critical  characteristic  based  on  said  relation-  so 
ship;  and 

second  determination  means  (4,  209,  409, 
608,  813)  for  determining  an  abnormality  in  tire 
pneumatic  pressure  based  on  said  extracted  char- 
acteristic  (f0B,  fK,  K)  and  said  critical  characteristic  55 
altered  by  said  alteration  means  (4,  113,  512). 

4.  The  tire  pneumatic  pressure  detector  of  claim  3, 
wherein: 

said  computation  means  (4)  is  for  comparing 
a  deviation  (f0B,  fK,  K)  between  said  standard  char- 
acteristic  and  said  extracted  characteristic;  and 

said  alteration  means  (4,113,512)  computes 
a  critical  characteristic  after  tire  replacement  by  add- 
ing  said  deviation  (Af-i,  AK)  to  said  critical  character- 
istic. 

5.  The  tire  pneumatic  pressure  detector  of  claim  1  or 
claim  4  further  comprising: 

conformity  determination  means  (4,  701)  for, 
responsive  to  said  predetermined  signal,  determin- 
ing  whether  said  extracted  characteristic  (f0B,  fK,  K) 
lies  within  a  predetermined  range,  said  predeter- 
mined  range  being  one  of  a  range  of  resonance  fre- 
quencies  (f0B,  f«)  of  said  tire  (1a-1d)  and  a  range  of 
spring  constants  (K)  of  said  tire  (1  a-1  d);  and 

prohibition  means  (4,  702)  for  prohibiting  said 
alteration  means  (4,  1  13,  512)  from  altering  said  crit- 
ical  characteristic  when  said  conformity  determina- 
tion  means  (4,  701)  determines  that  said  extracted 
characteristic  (f0B,  f  k,  K)  does  not  lie  within  said  pre- 
determined  range. 

6.  The  tire  pneumatic  pressure  detector  of  claim  1  or 
claim  4  further  comprising: 

conformity  determination  means  (4,  701)  for 
determining  whether  said  deviation  (Af-i,  AK)  lies 
within  a  predetermined  range;  and 

prohibition  means  (4,  702)  for  prohibiting  said 
alteration  means  (4,  1  13,  512)  from  altering  said  crit- 
ical  characteristic  when  said  conformity  determina- 
tion  means  (4,  701)  determines  that  said  deviation 
(Af-i,  AK)  does  not  lie  within  said  predetermined 
range. 

7.  The  tire  pneumatic  pressure  detector  of  claim  1  or 
claim  4  further  comprising: 

conformity  determination  means  (4,  701)  for, 
responsive  to  said  predetermined  signal,  determin- 
ing  whether  said  extracted  characteristic  (f0B,  fK,  K) 
lies  within  a  predetermined  range,  said  predeter- 
mined  range  being  one  of  a  range  of  resonance  fre- 
quencies  (f0B,  fK)  of  said  tire  (1a-1d)  and  a  range  of 
spring  constants  (K)  of  said  tire  (1  a-1  d);  and 

prohibition  means  (4,  702)  for  prohibiting  said 
pneumatic  pressure  prediction  means  (4)  from  pre- 
dicting  tire  pneumatic  pressure  when  said  conform- 
ity  determination  means  (4,  701)  determines  that 
said  extracted  characteristic  (f0B,  fK,  K)  does  not  lie 
within  said  predetermined  range. 

8.  The  tire  pneumatic  pressure  detector  of  claim  1  or 
claim  4  further  comprising: 

conformity  determination  means  (4,  701)  for 
determining  whether  said  deviation  (Af-i,  AK)  lies 
within  a  predetermined  range;  and 

prohibition  means  (4,  702)  for  prohibiting  said 
pneumatic  pressure  prediction  means  (4)  from  pre- 
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dieting  tire  pneumatic  pressure  when  said  conform- 
ity  determination  means  (4,  701)  determines  that 
said  deviation  (Af-i,  AK)  does  not  lie  within  said  pre- 
determined  range. 

9.  The  tire  pneumatic  pressure  detector  of  claim  3  fur- 
ther  comprising: 

abnormality  warning  means  (210,  410,  609, 
814)  for  generating  an  abnormality  warning  signal 
when  at  least  one  of  said  first  determination  means 
(4,  209,  409,  608,  813)  and  said  second  determina- 
tion  means  (4,  209,  409,  608,  813)  determines  an 
abnormality  in  tire  pneumatic  pressure. 

1  0.  The  tire  pneumatic  pressure  detector  of  claim  9  fur- 
ther  comprising: 

conformity  determination  means  (4,  701)  for, 
responsive  to  said  predetermined  signal,  determin- 
ing  whether  said  extracted  characteristic  (f0B,  f  k.  K) 
lies  within  a  predetermined  range,  said  predeter- 
mined  range  being  one  of  a  range  of  resonance  fre- 
quencies  (f0B,  f«)  °f  said  tire  (1a-1d)  and  a  range  of 
spring  constants  (K)  of  said  tire  (1a-1d);  and 

prohibition  means  (4,  702)  for  preventing  said 
abnormality  warning  means  (210,  410,  609,  814) 
from  operating  when  said  conformity  determination 
means  (4,  701)  determines  that  said  extracted  char- 
acteristic  (f0B,  fK.  K)  does  not  lie  within  said  prede- 
termined  range. 

1  1  .  The  tire  pneumatic  pressure  detector  of  claim  9  fur- 
ther  comprising: 

conformity  determination  means  (4,  701)  for 
determining  whether  said  deviation  (Af  -i,  AK)  lies 
within  a  predetermined  range;  and 

prohibition  means  (4,  702)  for  preventing  said 
abnormality  warning  means  (210,  410,  609,  814) 
from  informing  passengers  when  said  conformity 
determination  means  (4,  701)  determines  that  said 
deviation  (Af-i,  AK)  does  not  lie  within  said  predeter- 
mined  range. 

1  2.  The  tire  pneumatic  pressure  detector  of  claim  3,  said 
signal  generating  means  (41)  being  a  switch  (41) 
generating  said  predetermined  signal. 

13.  A  tire  pneumatic  pressure  detector  comprising: 
cruising  signal  generation  means  (3a-3d)  for 

generating  a  cruising  signal  (V)  during  cruising  of  a 
vehicle,  said  cruising  signal  (V)  including  vibration 
frequency  components  of  a  tire  (1a-1d)  installed  on 
said  vehicle; 

extraction  means  (4,  106-1  10,  204-208,  306- 
310,  404-408,  506,  604,  804-808)  for  extracting  an 
extracted  characteristic  (f0B,  f  k.  K)  from  said  cruising 
signal  (V),  said  extracted  characteristic  (f0B,  fK.  K) 
being  one  of  a  resonance  frequency  (f0B,  fK)  of  said 
tire  and  a  tire  spring  constant  (K)  of  said  tire; 

tire  pneumatic  pressure  prediction  means  (4) 

for  predicting  tire  pneumatic  pressure  based  on  said 
extracted  characteristic  (f0B,  fK.  K): 

memory  means  (4)  for  storing  a  standard 
characteristic  (f0A,  foA.  koa)  when  said  tire  (1a-1d) 
has  a  predetermined  pneumatic  pressure  and  for 
storing  a  critical  characteristic  corresponding  to  a 
critical  tire  pneumatic  pressure  which  is  a  standard 
for  determining  abnormality  in  said  pneumatic  pres- 
sure  of  said  standard  tire  (1a-1d),  said  standard 
characteristic  (f0A,  foA.  koa)  being  a  one  of  a  stand- 
ard  tire  resonance  frequency  (f0A,  foA)  of  said  stand- 
ard  tire  (1a-1d)  and  a  standard  spring  constant  (K0A) 
of  said  standard  tire  (1a-1d)  and  said  critical  char- 
acteristic  being  one  of  a  critical  resonance  fre- 
quency  and  a  critical  spring  constant; 

first  determination  means  (4,  209,  409,  608, 
813)  for  determining  an  abnormality  in  tire  pneu- 
matic  pressure  of  said  standard  tire  based  on  said 
extracted  characteristic  (f0B,  f  k.  K)  and  said  standard 
characteristic  (f0A,  W.  koa)  stored  in  said  memory 
means; 

signal  generation  means  (41)  for  generating 
a  predetermined  signal  when  said  standard  tire  (1  a- 
1d)  is  replaced  with  a  tire  (1a-1d)  having  said  pre- 
determined  pneumatic  pressure; 

computation  means  (4)  for,  responsive  to  said 
predetermined  signal,  computing  a  relationship  of  a 
change  in  said  extracted  characteristic  (f0B,  fK.  K) 
with  standard  tire  pneumatic  pressure  as  a  slope 
based  on  said  standard  characteristic  (f0A,  foA.  koa) 
and  said  critical  characteristic  stored  in  said  memory 
means  (4)  responsive  to  said  predetermined  signal; 

alteration  means  (4,  113,  512)  for  computing 
a  critical  characteristic  corresponding  to  a  critical 
pneumatic  pressure  of  a  tire  (1a-1d)  after  replace- 
ment  based  on  said  slope  computed  by  said  com- 
putation  means  (4)  and  said  extracted  characteristic 
(f0B.  fK.  K)  after  tire  replacement;  and 

second  determination  means  (4,  209,  409, 
608,  813)  for  determining  an  abnormality  in  said  tire 
pneumatic  pressure  based  on  said  extracted  char- 
acteristic  (f0B,  fK,  K)  and  said  critical  characteristic 
altered  by  said  alteration  means  (4,  113,  512). 

14.  A  tire  pneumatic  pressure  detector  comprising: 
cruising  signal  generation  means  (3a-3d) 

which  generates  a  cruising  signal  (V)  during  cruising 
of  a  vehicle,  said  cruising  signal  (V)  including  vibra- 
tion  frequency  components  of  tires  (1a-1d)  installed 
on  said  vehicle; 

extraction  means  (4,  106-1  10,  204-208,  306- 
310,  404-408,  506,  604,  804-808)  for  extracting  an 
extracted  characteristic  (f0B,  f  k>  K)  from  said  cruising 
signal  (V),  said  extracted  characteristic  (f0B,  fK,  K) 
being  one  of  a  resonance  frequency  (f0B,  f«)  of  said 
tire  (1a-1d)  and  a  tire  spring  constant  (K)  of  said  tire 
(1a-1d); 

tire  pneumatic  pressure  prediction  means  (4) 
for  predicting  tire  pneumatic  pressure  based  on  said 
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extracted  characteristic  (f0B,  fK,  K); 
memory  means  (4)  for  storing,  for  plurality  of 

vehicle  types,  a  slope  indicative  of  a  change  in  said 
extracted  characteristic  (f0B,  fK.  K)  witn  tire  pneu- 
matic  pressure; 

signal  generation  means  (41)  for  generating 
a  predetermined  signal  when  said  tire  (1a-1d)  is 
replaced  with  a  tire  (1a-1d)  having  a  predetermined 
pneumatic  pressure; 

computation  means  (4)  for  computing  a  criti- 
cal  characteristic  for  a  critical  pneumatic  pressure  of 
a  presently  installed  tire  (1a-1d)  based  on  said  slope 
stored  in  said  memory  means  (4)  and  said  extracted 
characteristic  (f0B,  fK.  K)  responsive  to  said  prede- 
termined  signal,  said  critical  characteristic  being  one 
of  a  critical  resonance  frequency  and  a  critical  spring 
constant;  and 

determination  means  (4)  for  determining  tire 
pneumatic  pressure  based  on  said  critical  charac- 
teristic  computed  by  said  computation  means  (4). 

15.  The  tire  pneumatic  pressure  detector  of  claim  14, 
said  determination  means  including: 

comparison  means  (4,  209,  409,  608,  813) 
for  generating  a  comparison  of  said  extracted  char- 
acteristic  (f0B,  fK,  K)  and  said  critical  characteristic; 
and 

abnormality  warning  means  (4,  210,  410, 
609,  814)  for  generating  an  abnormality  warning 
indicative  of  a  state  of  insufficient  pneumatic  pres- 
sure  when  said  comparison  indicates  that  said 
extracted  characteristic  (f0B,  fK,  K)  is  less  than  or 
equal  to  said  critical  characteristic. 

16.  A  tire  pneumatic  pressure  detector  comprising: 
cruising  signal  generation  means  (3a-3d)  for 

generating  a  cruising  signal  (V)  during  cruising  of  a 
vehicle,  said  cruising  signal  (V)  including  vibration 
frequency  components  of  a  tire  (1a-1d)  installed  on 
said  vehicle; 

extraction  means  (4,  106-1  10,  204-208,  306- 
310,  404-408,  506,  604,  804-808)  for  extracting  an 
extracted  characteristic  (f0B,  f  k,  K)  from  said  cruising 
signal  (V),  said  extracted  characteristic  (f0B,  fK,  K) 
being  one  of  a  resonance  frequency  (f0B,  f  K)  of  said 
tire  (1  a-1  d)  and  a  spring  constant  (K)  of  said  tire  (1  a- 
1d); 

tire  pneumatic  pressure  prediction  means  (4) 
for  predicting  tire  pneumatic  pressure  based  on  said 
extracted  characteristic  (f0B,  fK,  K); 

memory  means  (4)  for  storing  a  standard 
characteristic  (f0A,  W.  koa)  °f  a  predetermined 
standard  tire  (1  a-1  d)  indicative  of  when  said  tire  (1  a- 
1d)  has  a  predetermined  pneumatic  pressure  and 
for  storing  a  substantially  linear  slope  indicative  of  a 
change  in  said  standard  characteristic  (f0A,  f0A,  K0A) 
with  said  pneumatic  pressure  of  said  standard  tire 
(1a-1d),  said  standard  characteristic  being  one  of  a 
standard  resonance  frequency  (f0A,  foA)  of  said 

standard  tire  and  a  standard  spring  constant  (K0A) 
of  said  standard  tire  (1  a-1  d); 

first  critical  pneumatic  pressure  computation 
means  (4)  for  computing  a  critical  characteristic  cor- 

5  responding  to  a  critical  pneumatic  pressure  of  said 
standard  tire  (1a-1d)  based  on  said  slope  stored  by 
said  memory  means  (4),  said  critical  characteristic 
being  one  of  a  critical  resonance  frequency  and  a 
critical  spring  constant; 

10  first  determination  means  (4,  209,  409,  608, 
813)  for  determining  an  abnormality  in  said  tire 
pneumatic  pressure  based  on  said  extracted  char- 
acteristic  (f0B,  fK,  K)  and  said  critical  characteristic; 

signal  generation  means  (41)  for  generating 
15  a  predetermined  signal  when  said  standard  tire  (1  a- 

1d)  is  replaced  with  a  tire  (1a-1d)  having  said  pre- 
determined  pneumatic  pressure; 

deviation  computation  means  (4,  111,  409, 
510)  for,  responsive  to  said  predetermined  signal, 

20  computing  a  deviation  (Af  -i,  AK)  between  said  stand- 
ard  characteristic  (f0A,  foA.  koa)  and  said  extracted 
characteristic  (f0B,  fK,  K); 

alteration  means  (4,  113,  512)  for  altering 
said  critical  characteristic  based  on  said  slope 

25  stored  in  said  memory  means  (4); 
second  determination  means  (4,  209,  409, 

608,  813)  for  determining  an  abnormality  in  tire 
pneumatic  pressure  based  on  said  extracted  char- 
acteristic  (f0B,  fK,  K)  and  said  critical  characteristic 

30  altered  by  said  alteration  means  (4,  1  13,  512)  after 
said  deviation  computation  means  (4,111,  409,  51  0) 
detects  said  predetermined  signal; 

conformity  determination  means  (4,  701)  for 
determining  whether  said  deviation  (Af  -i,  AK)  is 

35  within  said  predetermined  range;  and 
prohibition  means  (4,  702)  for  prohibiting  said 

alteration  means  (4,  1  13,  512)  from  altering  said  crit- 
ical  characteristic  after  said  conformity  determina- 
tion  means  (4,  701)  determines  that  said  deviation 

40  (Af-i,  AK)  is  not  within  said  predetermined  range. 

17.  The  tire  pneumatic  pressure  detector  of  claim  19, 
wherein  said  alteration  means  (4,  113,  512)  com- 
putes  said  critical  characteristic  after  tire  replace- 

45  ment  by  adding  said  deviation  (Af-i,  AK)  to  said 
critical  characteristic. 

18.  A  tire  pneumatic  pressure  detector  comprising: 
cruising  signal  generation  means  (3a-3d)  for 

so  generating  a  cruising  signal  (V)  including  vibration 
frequency  components  of  a  tire  (1a-1d)  installed  on 
a  vehicle; 

extraction  means  (4,  106-1  10,  204-208,  306- 
310,  404-408,  506,  604,  804-808)  for  extracting  an 

55  extracted  characteristic  (f0B,  fK,  K)  of  said  tire  (la- 
Id)  from  said  cruising  signal  (V),  said  extracted  char- 
acteristic  (f0B,  fK,  K)  being  one  of  a  resonance  fre- 
quency  (f0B,  f«)  of  said  tire  (1a-1d)  and  a  spring 
constant  (K)  of  said  tire  (1a-1d); 
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memory  means  (4)  for  storing  a  critical  char- 
acteristic  corresponding  to  a  critical  pneumatic  pres- 
sure  which  is  a  standard  for  determining  pneumatic 
pressure  abnormality  in  a  predetermined  standard 
tire  (1a-1d),  and  a  standard  characteristic  (f0A,  foA.  s 
K0A),  said  critical  characteristic  being  one  of  a  criti- 
cal  resonance  frequency  and  a  critical  spring  con- 
stant  and  said  standard  characteristic  (f0A,  foA.  koa) 
being  one  of  a  standard  resonance  frequency  (f0A, 
f0A)  and  standard  spring  constant  (K0A)  extracted  w 
from  said  cruising  signal  (V)  when  said  standard  tire 
(1a-1d)  has  a  predetermined  pneumatic  pressure; 

signal  generation  means  (41)  for  generating 
a  predetermined  signal  when  said  standard  tire  (la- 
Id)  is  replaced  with  a  tire  (1a-1d)  having  said  pre-  75 
determined  pneumatic  pressure; 

deviation  computation  means  (4,  111,  409, 
510)  for  computing  a  deviation  (Af-i,  AK)  between 
said  standard  characteristic  (f0A,  foA.  koa)  and  said 
extracted  characteristic  (f0B,  fK.  K)  responsive  to  20 
detection  of  said  predetermined  signal;  and 

alteration  means  (4,  113,  512)  for  altering 
said  critical  characteristic  based  on  said  deviation 
(Af-i,  AK)  computed  by  said  deviation  computation 
means  (4,  111,  409,  510).  25 

19.  A  system  for  detecting  a  tire  pressure,  said  system 
comprising: 

cruising  signal  generating  means  (3a-3d)  for 
generating  an  electrical  cruising  signal  (V)  repre-  30 
sentative  of  movement  of  a  vehicle  on  which  said  tire 
(1a-1d)  is  installed; 

characteristic  extracting  means  (4,  106-110, 
204-208,  306-310,  404-408,  506,  604,  804-808)  for 
generating  an  electrical  characteristic  signal  repre-  35 
sentative  of  a  parameter  (f0B,  fK,  K)  characteristic  of 
a  suspension  of  said  vehicle  extracted  from  said 
cruising  signal  (V); 

a  memory  (4)  storing  data  indicative  of  a  rela- 
tionship  between  said  parameter  (f0B,  f  K,  K)  and  said  40 
tire  pressure  and  generating  electrical  data  signals 
representative  of  said  data; 

tire  replacement  signalling  means  (41)  for 
generating  an  electrical  tire  change  signal  repre- 
sentative  of  a  replacement  of  said  tire  (1a-1d)  on  45 
said  vehicle;  and 

pressure  determining  means  (4)  for  generat- 
ing  an  electrical  pressure  signal  representative  of 
said  tire  pressure  based  on  said  characteristic  sig- 
nal,  said  data  signals  and  said  tire  change  signal.  so 

said  parameter  (f0B,  f  K,  K)  based  on  a  predetermined 
critical  tire  pressure;  and 

warning  generating  means  (4,  210,  410,  609, 
814)  for  comparing  said  tire  pressure  represented 
by  said  pressure  signal  to  a  range  defined  by  said 
critical  value  and  for  generating  a  warning  indicator 
when  said  tire  pressure  is  outside  said  range. 

22.  The  system  of  claim  19,  wherein: 
said  data  stored  in  said  memory  (4)  is  indic- 

ative  of  a  standard  relationship  between  said  param- 
eter  (f0B,  f  K,  K)  and  said  tire  pressure  for  a  standard 
tire  (1a-1d);  and 

said  system  further  comprises  adjusting 
means  (4,  113,  512)  for  adjusting  said  critical  tire 
pressure  based  on  a  difference  between  a  parame- 
ter  in  said  standard  relationship  and  said  parameter 
(f0B.  f  k.  K)  represented  by  said  characteristic  signal. 

23.  The  system  of  claim  22,  wherein: 
said  pressure  determining  means  (4)  is  fur- 

ther  for  calculating  a  current  relationship  between 
said  parameter  (f0B,  fK,  K)  and  said  tire  pressure  for 
said  tire  (1a-1d)  mounted  on  said  vehicle  based  on 
said  standard  relationship,  and  for  generating  said 
electrical  pressure  signal  based  on  said  character- 
istic  signal,  said  current  relationship  and  said  tire 
change  signal;  and 

said  adjusting  means  (4,  113,  512)  is  further 
for  adjusting  said  current  relationship  according  to 
said  difference. 

20.  The  system  of  claim  1  9,  wherein  said  parameter  (f0B, 
f«,  K)  is  one  of  a  resonance  frequency  (f0B,  f«)  of 
said  tire  (1a-1d)  and  a  spring  constant  (K)  of  said 
tire  (1  a-1  d).  55 

21.  The  system  of  claim  19,  further  comprising: 
critical  value  determining  means  (4,111-113, 

507-51  2,  605-607)  for  determining  a  critical  value  of 
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